ABSTRACT: Eight Holstein steers (439 kg) with " T cannulas in the rumen and proximal duodenum were used to evaluate the characteristics of digestion of Pima cottonseed. Treatments consisted of a basal growing-finishing diet containing (DM basis) 1) 15% tapioca, 2 ) 15% whole linted cottonseed (Delta Pine 61, DP); 3) 15% whole lint-free cottonseed (Pima, PW), and 4) 15% ground Pima cottonseed (PG). Substitution of tapioca with cottonseed decreased ( P < .05) ruminal and total tract digestion of OM (10.8 and 3.5%, respectively). Net ruminal microbial N synthesis was also lower (20.5%, P < .lo) with cottonseed supplementation. The greater reductions occurred with DP and PG. Characteristics of ruminal and total tract digestion of OM and N were similar for DP and PG. Grinding Pima cottonseed increased ruminal digestion of OM (13%; P < .05) and feed N (18.1%; P < .lo). Ruminal digestibility of N in DP, PW, and PG averaged 50.0, 49.4, and 59.3%, respectively. Postrumina1 digestion of lipid was similar ( P > . l o ) across cottonseed treatments, averaging 76.9%. The comparative DE value of DP, PW, and PG were 4.13, 3.20, and 3.80 M c a n g , respectively. It is concluded that the energy value of lint-free Pima cottonseed is similar to that of linted varieties provided that it is ground before feeding. However, grinding will increase ruminal N degradability 20%'. Furthermore, depending on the level of incorporation in the diet, grinding Pima cottonseed may decrease ruminal microbial growth and net ruminal protein efficiency.
Introduction
Pima is a variety of long-staple cotton that yields seeds that are naturally lint-free. The Pima seed is slightly higher in protein and lipids than that of linted cotton varieties (Sullivan et al., 1993) . However, the appearance of whole seed in the feces has been greater for lint-free than for linted cottonseed (Coppock et al., 1985; Alfonso et al., 1986; Sullivan et al., 1993) . Coppock et al. (1985) postulated that the absence of lint changes the stratification of cottonseed within the rumen, resulting in less extensive rumination. Because direct assessment of the characteristics of digestion of Pima cottonseed in diets for feedlot cattle have not been made, there is some apprehension regarding its comparative feeding value. The objective of this study was to assess the characteristics of ruminal and total tract digestion of Pima cottonseed compared with a Pine 61, DP) in cattle.
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Experimental Procedures
Eight Holstein steers (average weight 439 kg) with " T cannulas in the rumen and proximal duodenum (Zinn and Plascencia, 1993) were used t o evaluate characteristics of digestion of Pima cottonseed. Treatments consisted of a basal growing-finishing diet containing (DM basis) 1) 15% tapioca, 2 ) 15% whole linted cottonseed (Delta Pine 611, 3 ) 15% whole lintfree cottonseed (Pima, PW), and 4) 15% ground Pima cottonseed ( PG). The PG treatment was prepared by grinding pima cottonseed in a hammer mill (Bear Cat #1A-S, Westerns Land and Roller Co., Hastings, NE) with a 2.54-cm screen. The PG appeared coarsely ground, 1.1% of the seeds remained intact. Particle size distribution of PG was as follows: greater than 8 mm, 22.5% (lint plus some hulls); 4 to 8 mm, 6.1%; 2 to 4 mm, 11.7%; 1 to 2 mm, 23.9%; less than 1 mm, 35.8%. Bulk density of PG was .32 kgL. Composition of the experimental diets is shown in Table 1 . Chromic oxide (. 5%') was blended with the total mixed diet as a digesta marker for determination of constituent passage to the small intestine and fecal excretion. Steers were randomly assigned to treatments. Steers were Following completion of the collection period, steers were again randomly assigned (without regard t o previous treatment) to dietary treatments and the trial was repeated. When this second trial was completed, ruminal fluid was obtained from all steers and composited across treatments for isolation of ruminal bacteria, via differential centrifugation (Bergen et al., 1968) . The microbial isolates were prepared for analysis by oven drying at 70°C and then grinding with mortar and pestle.
Feed, duodenal, and fecal samples were first oven-dried at 70°C and then ground in a laboratory mill (Micro-Mill, Bell-Arts Products?
Pequannock, NJ). Samples were then oven-dried at 105°C until no further weight loss occurred and stored in sealed glass jars. Samples were subjected to all or part of the following analyses: ash, Kjeldahl N, ammonia N (AOAC, 1984) ; ADF (Goering and Van Soest, 1970) ; purines (Zinn and Owens, 1986) ; starch (Zinn, 1990) ; GE (adiabatic bomb calorimetry); lipid (chloroform-methanol extraction; AOAC, 1984); and chromic oxide (Hill and Anderson, 1958) . Fecal excretion of whole seed was determined by counting the number of whole seeds in a 200-g aliquot of the fecal composite. Microbial organic matter ( MOM) and microbial N ( M N ) leaving the abomasum were calculated using purines as a microbial marker (Zinn and Owens, 1986) . Organic matter fermented in the rumen (OMF) was considered equal to OM intake minus the difference between the amount of total OM dPima, ground vs whole ( P < .O 1).
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reaching the duodenum and MOM reaching the cal model: Yijk = p + Ti + + TRij + Eijk, where Y is duodenum. Feed N escape to the small intestine was the response variable, T is the dietary treatment considered equal to total N leaving the abomasum effect, R is the trial replication effect, RT is the trial x minus ammonia N and MN and, thus, includes any treatment interaction effect, and E is the residual endogenous contributions. The two trials were cornerror. Treatment effects were tested using the followbined and analyzed as a replicated completely random ing orthogonal comparisons: 1 ) basal vs cottonseed; 2 ) design experiment according to the following statisti-DP vs Pima cottonseed; and 3 Pima, whole vs ground. 
Results and Discussion
Composition of DP and Pima cottonseed used in this study is shown in Table 2 . Pima cottonseed was considerably (63.8%) more dense than DP. It was also higher in crude protein (10.0%), lipid ( 9 . 5 % ) , and ash (41.1%), and lower in ADF ( 5 . 3 % ) than DP.
Nevertheless, the expected NE values of DP and Pima cottonseed based on chemical analysis (Zinn and Plascencia, 1993) were similar, averaging 2.62 and 1.89 McaVkg for maintenance and gain, respectively.
Comparative ruminal and total tract digestion of experimental diets is shown in Table 3 . Substitution of tapioca with cottonseed decreased ( P < .05) ruminal and total tract digestion of OM (10.8 and 3.5%, respectively). Net ruminal microbial N synthesis was also lower (20.5%, P < .lo) with cottonseed supplementation. The greater reductions occurred with DP and PG. The basis for this response is not certain. It is not consistent with results of a previous study (Zinn and Plascencia, 1993) in which substitution of steam-flaked corn with DP (20% of diet DM) did not adversely affect microbial synthesis when diets contained higher levels of forage. Nevertheless, the net effect of cottonseed on non-ammonia N flow to the small intestine and the resultant impact this might have on feedlot performance merits attention.
Characteristics of ruminal and total tract digestion of OM and N were similar for DP and PG. Grinding Pima cottonseed increased ruminal digestion of OM (13%; P < .05) and feed N (18.1%; P < .lo). Total tract digestion of N also tended ( P < . l o ) to be enhanced by grinding the Pima seed before feeding.
The tapioca used in this study contained .34% N, of which less than 3% is presumably digestible (Pereira, 1987; Zinn and DePeters, 1991) . Using the difference technique (Zinn et al., 1981) , ruminal digestibility of N in DP, PW, and PG, which replaced tapioca in the basal diet, averaged 50.0, 49.4, and 59.3%, respectively. The ruminal degradability value for PG is in close agreement with the 10-trial average value for cottonseed meal (58%, NRC, 1985) . Ruminal N degradability estimates for cottonseed are much lower than prior estimates based on ruminal in situ (Dacron bag) techniques (73.7%, Utley and McCormick, 1980;  76.5%, Arieli et al., 1989) . (Zinn and Plascencia, 1993) . In that trial, DP replaced steam-flaked corn.
The NE, and NE, values of the cottonseed treatments can be estimated according to the following relationships: NE, = .7364DE -.6612; NEg = .877NE, -.41 (derived from NRC, 1984) . In this manner, the NE, and NE, (megacalorieskilogram) are 2.38 and 1.68, respectively, for DP, 1.70 and 1.08, respectively, for PW, and 2.14 and 1.47, respectively, for PG. In accordance with NRC ( 19841, the NE, of DP was equal to that of steam-flaked corn (2.38 McaV kg). The NE, of Pima cottonseed was markedly improved ( 2 8 % ) by grinding before feeding.
Treatment effects on whole cottonseed excretion are shown in Table 4 . Consistent with previous trials (Coppock et al., 1985; Alfonso et al., 1986; Zinn and Plascencia, 19931 , very little ( . 4 % ) of the DP (linted cottonseed) was excreted in the feces. However, fecal excretion of whole Pima seeds was only 1.5% of intake, roughly 14% of that observed by Sullivan et al. ( 1993) using lactating dairy cows.
Implications
It is concluded that the energy value of lint-free Pima cottonseed is similar to that of linted varieties provided that it is ground before feeding. However, grinding will increase ruminal N degradability 20%. Hill, F. N., and D. L. Anderson. 1958 . Comparison of metabolizable energy and productive energy determination with growing growth and net protein
